Hemiplegia is one of the most common and undesirable consequences of stroke. The disability in daily life is of longer duration for paralysis of the upper extremity than of the lower extremity. Functional recovery of the upper extremity includes grasping, holding, and manipulating objects, which requires the recruitment and complex integration of muscle activity from the shoulder to the fingers. In contrast, a minimal amount of recovery of the lower extremity may be sufficient to obtain functional ambulation [1] . It has been reported that up to 85% of stroke survivors experience hemiparesis and 55%-75% continue to have limitations in upper extremity function [2] . The paralyzed upper extremity, accompanied by the weakness of muscles, increased spasticity, sensory loss,
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www.e-arm.org and muscle rigidity, is also the leading cause of serious discomfort and disability. Hence, functional recovery of the upper extremity is one of the main purposes of the rehabilitation of stroke survivors.
The brain tends to recognize visual feedback before proprioceptive or somatic feedback. Mirror therapy is based on the neuroplasticity suggested by this theory. The normal upper limb movement as seen in the mirror serves as the visual feedback necessary to stimulate the primary somatosensory cortex to induce movement of the paralyzed side [3] . Altschuler et al. [4] demonstrated improvement of movements in terms of range of motion, speed and accuracy through Fugl-Meyer Assessment (FMA) in poststroke patients who underwent mirror therapy. Yavuzer et al. [2] reported that mirror therapy in addition to a conventional rehabilitation program was beneficial in terms of motor recovery and upper limb functioning. These studies suggest that mirror therapy leads to better functional recovery of the upper extremities than does conventional therapy.
Functional task-oriented training recently applied to patients with stroke is more effective than the conventional therapy [5] . Recent studies have shown that taskoriented training tends to improve the functions of the upper extremity, but mostly in terms of balance with other body parts and balance while walking. Others have claimed that such training also helps patients take care of themselves [6, 7] . A previous study reported motor improvement of a hemiplegic upper extremity in a group of patients who underwent specialized task-oriented training, such as plugging pegs or accumulating corns [8] .
Task-oriented mirror therapy is conventional, movement-oriented mirror therapy with addition of functional tasks [9] . Achievement of positive effects of both the conventional and task-oriented therapies leads to optimum results of rehabilitation.
Therefore, the aim of this study was to demonstrate the effectiveness of task-oriented mirror therapy in patients with subacute stroke by analyzing the improvement in the functions of the upper extremity and activities of daily living in patients who underwent mirror therapy compared to those subjected to a sham treatment.
MATERIALS AND METHODS

Study subjects
The 60 subjects of this study were poststroke hemiplegia patients with upper extremity deficits who were hospitalized in the Department of Rehabilitation Medicine at Ilsan Paik Hospital from February to May 2012. The inclusion criteria were (1) a diagnosis of hemiplegia due to stroke within 6 months, (2) a score of 24 points or more on the Korean version of Mini-Mental State Examination, and (3) Brunnstrom stage of upper extremity recovery of 3 to 4. The exclusion criteria were (1) musculoskeletal disease, (2) neglect, and (3) mental illness.
Methods
The subjects were randomly allocated to the mirror therapy group and sham therapy group using a randomization table. All patients completed the study. The mirror therapy group underwent mirror therapy with functional tasks with both hands for 20 minutes, and the sham therapy group underwent conventional therapy with functional tasks with both hands without a mir- (Fig. 1) .
Mirror therapy
Patients underwent task-oriented mirror therapy for 20 minutes by imitating the reflection of the normal upper limb in the mirror ( Table 1 ). The patients attempted to move the hemiplegic upper limb in a manner identical to the normal limb reflected in the mirror under the direction of the therapist, who assisted the patients concentrating on their movements. Starting in the neutral position, the patients were asked to repeat each movement 20 times per set for three sets, with a 2-minute break between sets. There were also 2-minute intervals between each completed task (Fig. 2) . The functional tasks planned for the first week were simple movements, such as forearm pronation-supination and wrist flexionextension. For the second week, the patients were asked to perform finger flexion-extension, counting numbers, tapping, and opposing. By the third week, they were to take on simple manipulating tasks, such as picking up coins and beans, flipping over cards and collecting blocks in a bin. During the fourth week, they moved on to more complicated tasks of plugging and unplugging pegboards, drawing simple figures, and coloring.
Sham therapy
The sham therapy group performed the same functional tasks over the same period; i.e., the patients' hemiplegic upper limb imitated the movements of normal hand under the direction of the therapist. However, a wood plate was placed between the hemiplegic upper limb and www.e-arm.org the normal limb instead of a mirror (Fig. 2 ).
Tools
Experimental tools
All patients sat close to the hospital desk. The mirror therapy group patients were able to see the reflection of the normal upper limb through a vertically placed, 35 cm×35 cm mirror. For the sham therapy group, the wood plate obstructed the view of the normal upper limb.
Measurement tools
Fugl-Meyer Motor Function Assessment (FMA) and Brunnstrom stage were used to assess the functions of the hemiplegic upper limb. Activities of daily living were evaluated using the Modified Barthel Index (MBI).
Analyses
All data were statistically analyzed using SPSS ver. 19.0 for Windows (IBM, Armonk, NY, USA). The independent sample t-test was performed to assess the general characteristics of the mirror therapy and sham therapy groups, and the homogeneity between the abilities of activities of daily living and the functions of the hemiplegic upper limb in these two groups before the intervention. Chi-square test and Fisher exact test were performed to compare the Brunnstrom recovery stages of the hemiplegic upper limb and hand. A paired comparison t-test was used to evaluate the changes in the abilities of activities of daily living and functions of the hemiplegic upper limb before and after the intervention in the mirror therapy and sham therapy groups. An independent sample t-test was used to evaluate the postmortem changes between the groups. Statistical significance was accepted at p<0.05 in this study.
RESULTS
Subjects' general characteristics
Sixty patients were divided into mirror therapy and sham therapy groups (30 patients in each group). There were 19 male and 11 female patients in the mirror therapy group, and 20 male and 10 female patients in the sham therapy group. The patients in the mirror therapy group were 65.3 years of age on average, compared to 64.5 years in the shame therapy group. In the mirror therapy group, 22 patients had cerebral hemorrhage and 8 had cerebral infarction. In the sham therapy group, 19 suffered cerebral hemorrhage and 11 cerebral infarction. In the mirror therapy group, 15 patients had hemiplegia on the right side and 15 on the left side. In the sham therapy group, 16 had hemiplegia on the right, and 14 on the left. The mirror therapy group patients were ill for an average of 49.4 days, compared to 53.7 days in the sham therapy group. There were no significant differences in the general characteristics of the patients between the groups (p>0.05) ( Table 2 ).
Brunnstrom stage
The Brunnstrom stage of the mirror therapy group and the sham therapy group before and after treatment of the hemiplegic upper limb did not differ significantly (p>0.05) ( Table 3) .
FMA
The functional changes to the hemiplegic upper limb between pre-and post-intervention are shown in Table   Table 2 (Table 5 ).
MBI
The performance in activities of daily living between pre-and post-intervention were assessed using the MBI (Table 4 ). There were significant increases in both groups: from 28.67±7.57 to 59.63±15.58 in the mirror therapy group (p<0.001) and from 26.77±6.60 to 51.37±16.34 in the sham therapy group (p<0.001). The degree of recovery was greater in the mirror therapy than the sham therapy group (30.97±10.81 mirror therapy and 24.60±12.74 sham therapy, respectively) ( Table 5 ).
DISCUSSION
Our findings indicate that the functions of the hemiplegic upper limb and the performance of activities of daily living in patients with subacute stroke improved to a greater degree in patients subjected to both the task-oriented and mirror therapy for 4 weeks than those who did not receive the mirror therapy. The results corresponded with previous reports that mirror therapy in patients with stroke strengthened the capacity and functions of locomotion. The functions of the hemiplegic upper limb and the abilities of activities of daily living in the task-oriented sham therapy group showed improvements, but after the intervention, Fugl-Meyer scores and the performance of activities of daily living increased to a greater degree in the task-oriented mirror therapy group than the sham therapy group.
Several mechanisms may explain the effects of mirror therapy on locomotion capacity. First, the mirror therapy facilitates recovery of locomotion ability by visually stimulating the hemiplegic upper limb using the reflection of the normal side. Altschuler et al. [4] reported that the reflected image of the hemiplegic hand created the delu- Values are presented as number of patients. MTFT, mirror therapy containing functional task group; STFT, sham therapy containing functional task group. www.e-arm.org sion that it was normal, which facilitated rehabilitation by replacing the lost proprioceptive sense to assist reconstruction of the total motor cortex and stimulation of whole-body activity. Funase et al. [10] demonstrated that passive observation and imitation of specific movements in mirror therapy stimulated activities of the spinal cord and cerebral cortex. Second, the mirror neuron system accelerates the recovery of motor ability. The mirror neurons are visuomotor neurons activated when observing, imagining, or attempting to execute movements [11] . This is the theoretical framework of process of learning new exercise techniques through observation [12] . Stevens reported that mirror therapy was related to motor imagery and improved the motor activities of a hemiplegic extremity using the visual feedback brought on by imagined action [13] . Fadiga and Craighero [14] demonstrated that the passive observation of motions through the mirror neuron system boosted activation of the primary motor area, which controlled the movements performed by the patient.
Thirdly, the simultaneous motion of both limbs induces additional stimulation of the paralyzed unilateral cerebral cortex through interactions with the stimulated normal cerebral cortex. Summers et al. [15] reported that exercising both the normal and hemiplegic sides was more effective in restoring upper limb functions and muscle strength than working the hemiplegic side alone. Cauraugh and Summers [16] hypothesized that concurrent exercise of both sides would control the excessive suppression of transmission due to balance between the hemiplegic and normal limbs. This hypothesis supports the conclusion that mirror therapy involving the exercise of both limbs is more effective than exercise of only the hemiplegic side.
Repetitive task-oriented training fosters the recovery of motor abilities for stroke patients, and improves their ability to carry out activities of daily living [9, 17] .
In task-oriented training, patients reduce the frequency of inappropriate movements by repeatedly undertaking a wide range of movements, which in turn develops their adaptability to other specialized tasks [18] . The patients grow accustomed to the circumstances by learning taskspecific strategies. Moreover, task-oriented training also improved the functions of the musculoskeletal and neuromuscular systems [19] .
Functional task-oriented therapy could lead to recovery of the motor abilities of the hemiplegic upper limb based on interactions with the normal upper limb. Interlimb transfer refers to functional improvement of the hemiplegic upper limb by transfer of the effects of training the normal upper limb to the hemiplegic upper limb. Yoo et al. [8] divided 20 post-stroke hemiplegic patients into two groups: one group was asked to undertake functional tasks with the normal upper limb, such as plugging pegs or piling up cones, and the other to perform simple tasks comprising only movements. The group that performed the functional tasks with the normal upper limb showed improvements in the motor abilities of the hemiplegic upper limb by interlimb transfer. Therefore, functional task-oriented therapy in the normal limb, rather than simple motions, was more effective for recovery of the hemiplegic upper limb.
A study that attempted to combine mirror therapy with other therapies showed improvements in the hand functions of post-stroke patients who underwent both mirror therapy and neuromuscular electric stimulation, compared to those who underwent each therapy separately [20] . Indeed, undergoing both mirror therapy and limited motion therapy of the normal upper limb was more effective in improving hand functions of patients with subacute stroke than performing each therapy separately [21] .
Arya et al. [22] compared a group of patients who underwent functional tasks and mirror therapy with a group that received conventional treatment. The former group showed a more significant improvement in Fugl-Meyer Assessment and Brunnstrom stage.
Based on these theories, therapies with functional tasks were applied to two groups and changes in their ability to undertake of activities of daily living and upper limb function were compared.
The study also anticipated the effects of both mirror therapy and functional tasks. Use of methods stressing active exercise and task-specific training maximized the functional abilities and potentially induced reorganization of the brain [23] , with the goal of improving upper limb function and the ability to carry out activities of daily living.
Working under the premise that mirror therapy exerts a positive effect on upper limb mobility and function of post-stroke patients, this study examined the Brunnstrom www.e-arm.org stage, FMA, and MBI scores of the upper limb and hands pre-and post-intervention. The results indicated improvements in upper limb functions and the ability to perform activities of daily living.
Both groups showed increases in the Brunnstrom stage, which indicates the repair stages of neurons, after 4 weeks of intervention, albeit not significantly so. This suggests that the Brunnstrom stage, scored from level 1 to 6, may not be appropriate to assess the effects of mirror therapy because of its lack of sensitivity.
Also, because the subjects were in-patients who were undergoing comprehensive rehabilitation in addition to mirror therapy, effects of other occupational therapy and physiotherapy cannot be ruled out. Thus a further study controlling for such potential confounders is required.
FMA scores increased in the mirror therapy group after intervention. The sham therapy group also exhibited an increased FMA score after intervention, but of a lesser magnitude. This result is in agreement with the report by Stevens of the effectiveness of mirror therapy in stroke patients in terms of improving their upper limb functions [13] .
In terms of the ability to perform activities of daily living, MBI scores increased in both the mirror therapy group and the sham therapy group; the magnitude of the increase was greater in the former.
The increase in such abilities in both groups may be due to stimulation of the proprioceptive sense through movements of the upper limbs during sham therapy. However, since the increase in the MBI score after therapy was greater in the mirror therapy group, mirror therapy is more effective in terms of improving the ability to perform activities of daily living.
The limitations of this study were as follows. First, only short-term effects were evaluated because mirror therapy was of 4-week duration. Second, the subjects were inpatients at a particular hospital who met the inclusion criteria, and the effects of other forms of rehabilitation received by the patients could not be ruled out. Third, the patients were capable of communication with others as their cognitive functions were not damaged. Thus it was difficult to generalize the results to the entire population of hemiplegic patients.
Unlike other forms of therapy, performance of mirror therapy with functional tasks is easy, and thus can readily applied in the clinic [24] . It is also non-invasive and causes no side-effects, making it safe for patients [25] . Dohle et al. [26] reported that mirror therapy led to improvements in upper limb and hand functions in 36 patients with acute ischemic stroke, regardless of their lesions, suggesting that mirror therapy can be performed on different types of patients. Furthermore, patients can undergo this form of therapy without the aid of a therapist indeed, the therapy can be performed at home.
In conclusion, mirror therapy containing functional tasks exerted significant effects in terms of improving the upper limb functions and the ability to perform activities of daily living among patients with subacute stroke. Based on these findings, mirror therapy with functional tasks can serve as an alternative rehabilitation method for stroke patients.
